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InTRUDUGTION

For several yesrs research has been done at Union
College investigating the possibility of using Portland
Cement as a chemicel raw masterial. Investigations by
Clari in 1951 indicated thet vigorous resctions take place
when Portland cement and strong scids are nixed., This
is evident when one considers the composition of a typi¢Q1
Portland cement: '

TaBLi It The Gampaslti@n of Portland Cement.

810y veeee 23,5 % 080 vuvn. 64,3 %
Alzea sans 4,6 % HEO savee 2092%
”205 ERER Y 3*“ % %3!009!9 103’%

if sufricient acid is adied to cement, the cealecium
snd nagnesium oxides will all dissolve, ani also umost of the
sluninus and ferric oxides, The silica remains undis-
solved, unlees hydrofiuvoric aeid is used. Also, since
the caleium and zagnesium oxides are much more basie than
the slusinum and ferric oxides, they resct with the acid
first, and only after most of the oxides have been re-
moved is it possible for the alusloum apnd ferric oxides to
be neutralized, provided there is acid still left over.
" From these considrrations it can be concluded that by
very carefully varying the asount of acid used per gram
of cement it is possible to remove slmoet all of the
strong oxides and almost none of the wesk ones, or, with
s somewhat bigher ratio of acid to cement, to remove all
of tho strong oxides and most of the vlak ones. The oxides
are renoved by solution in acid and consequent filtering
and washing.

The insoluble resction products which remain in
the filtercake, obtaised in the form of gels, very in
composition eccording to the aeid / cement ratio,
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To iliustrate thie, the table below gives the

couposition of five gels prepared by rescting 1500.0 cc of x '
normal hydroehloric acid with 150.00 g of CUstskill resular
Vortland @emenﬁa

-

 PABLE 11: Couposition of Cement Gels for Different

Concentrations,
MQ% 0.62 1.05  3.88 9.91 9130
Cal 3, 54% 010 1.67 4,82 14,88
Y 0.25 O 8 0.15 0u18 .89
Ign. Loss _Z.81  _8.87  19.20 16,20  1l.60
Total 99. 308 99. 714 95 . 887 98,738 99.73%

The nnalysis for these sazples has been done at the
laboratories of the Urtekill VFient of the north-American
Cement Company.

. The variation of composition with the concentration of
hyirochloric scid ie still betler seen from the following
graph (Figure 1), wheve acid concentration is plotted ageinst
percent by weight of the various oxxa'a, according to the
data given abovu.

- it can easily be seen bow with increasing scid strength
the Cal is removed yurst, then the Algﬁﬁ. and finally the
Fe, 0. The 810, content of the gels increas:s since this
oxide is not attacked by hydrochloric acid and the other
oxides are removed.

These gels were fir:t investigated by Leudise (8), who
prepared them using verying concentrations of hydroehloric,
sulfuric, and acetic meid per unit weight of Catekill regular

erroy
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Portland cement, and investigated the physieal properties of
the reaction products and their adsorption charscteristica, (12)
the researeh probles for this theeis is to investigate

these gels prepared by partisl or complete reaction of
rortland cexent with scids ae to their catalytic power.

A detailed method of preparation of these catalyste follows
below, :



THE PEEFAGATION OF CHubNL Gl CATALYSTS

| The catelysts used sre the insoluble products from the

resciion between Fortland cement and acids, The nmethod of
preparation is described in the thesis of Laudise on
Fortland cement (%), but since several changes have been
introduced, a complete procedure ie given here,

in this procedure, 150.00 2 of Fortland cement are placed
in a two liter Florence flask. Deionized water is now added
in sueh quantity that the sum of the volume of the waier and
the concentrated scld, which is added in the next step, adds
up to 15,0 ce. The amount of water varies with the concen-
tration of acid desired, 7The cement and the water are now
thoroughly mixed and atirred o give a howmopeneous slurry.
Tren the concentrated acid is added, enough to bring the
voluse of liquid added to the cement up to 1500.0 ce. Thus
the resulting wolarity of acid at the moment of zixing is

x molarity of cone. acid

The reaction flask is thoroughly shaken to insure
sdequate mixing of the scid and the cement, then fitted with
a refiux condenser, and digested over a Neker burner for two
nours, After this step the nixture is poured into a 20 em dia
Biichner funnel using a towel cloth ss a filter instesd of
filterpaper. The funnel is comnected to the suction pump and
the resction products are filtered hot.  About Z minutes are
necessary for such a filtration. The residue is washed five
cimes with hot, deioniged water, using one liter portioms.
Hot water keeps the gelatinous products in suspension better

and thus has a greater washing power than cold water,

The insoluble reaction product, which is a xel, is
now seraped fros the filter cloth and dried in an evaporating
aish at 175%¢., The drying time necessary varies with the gel,



usually sabout 5 to & hours are required. After thls drying
_gtep the el is broken up into cosrse particles, snd is ready
for use., Yields of sbout 40 to 50 g are obtained, depending
on the normality of the acid used,

Laudise described in his thesis » weshing with dilute
sodium hydroxide which is spplied to the gels after the
drying step (10). However, tests on the catslytic power of
zels thus trested revealed a sharp decrease in activity, and
this washing is thervfore ouitted on all gels prepared for
catalytic use., Iin addition, instead of grinding the gel
into a fine powder, as Laudize’s directions call for, the
particle size used in catalytic experinents is about
1/8" sn a side. -



CATALYE1S AnD CONEACT CATALISIE

It 48 & common phenomenom thet some reactions run very

' slowly or not st all, in spite of & rather large negative value
for the free energy change. This ig due o the fect that ,

it is necessary for molecules to become a:tivated before they
can react. In the chesical kinetic sense one may represent
such a rescilion by

Rod&tantl (A}'lgw acﬁlﬁnﬁc& molecules (ny“it producte (C)
The initlsl molecules A require the absorption of e
definite azount of energy in order to put them in an activeted
state B fros which they can resrrsuge to give the products C.

The heat evolved in the step BU is larger than the heat
absorbed in step AB in an expthermie reaction, and smsller

in an endothermic reaction. The energy required for the acti-
vated state is the chief factor in deversining the spéed of
‘the reaction. The greater the energy required for getlvnvton;-
the fewer are the molecules possessing this emeryy; and

hence, the slower is the resction at & glven temperature.

sy substance which locreases the rate of s chemicsl
reaction without being used up in the reasction is celled =»
catalyst., 7he catalyst brings about this desired increase in the
speed of the resction by decreasing the heat of activation
requircd. A lower heat of activation gives a wore rapid
reaction becsuse wore molecules have the required amount
of energy %o react. The higher energy requirement is
svoided by some bypass. Usually the bypsesing consists
in forsing a new compound or new configuration with less
energy consumption, and then dgcomposing this internediate
compound in such a way as to regenwrate the catalyat. (5)

Contact catmlysis deals with the chenigtry of reactions
at the surisces or st the interface between two phases.
Vost eontact catalytic processes take place at a solidefluid
interfaec; and of these the larger portion are at a solid-
gas interface. In general, adsourption of one or nore of
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the reactants ls a necessary prerequisite for catalytic change.
. Phere are two theories of sctivation due to adsorption. The
£irst, activation by oriented aisorption, consists in a
alterastion of the confisuratiom of the adsorbed moleeule,

or the opening up of prisary velence bonis or secondary or
residuel velence bonds on the surface of t:e catalyst., Hiuce
adsorption in this way does not ususlly lead to great molecular
deforsstion, the second theory of sctivetion assumes that
aoctivation results frox suitable sultiple adsorption, that

is, the independent adsorption of the two ends of a molecule

by asctive points on the catalytic surisce. If these points

are farther apart than the normel length of the wolecule,
sufficientiy strong adsorption will ceuse siretching and
distortion which sre assumed to incremse molecular resctivity (21).

These two theories indicste the ilmportance of the
catalytic surfsce. Therefore the methof of preparation of
the cataiyst is important, since it is the mode of preparation
which is lergly responsible for enabling the surface %o
adsorbe and activate smolecules.

it has long been known that silica gel is a good
adsorbent for many gases and several solutes froa solution.
This has been shown t0 be true for cement gels also by
Laudise’s rescarch last year, where he denonstrated the high
adsorbing power of these gele for wetbylene blue and safranine

red.,

The adsor;tion of jasws on the solid is essential in
contact catslyeis, end since gels of the silica-aluminum t pe
do exhibit high adsorption in this respect, 1t seened most
grovising to investigate the catalybic [ower of the cement gels
by making uve of thie property in contact c-talysis.
vapor phase catelysia 1s exclusively used, that is, the

reagent is vaporized before it comes into contact with the

cement gel catalyst.
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AFPARATUL AND FROUEDUKE

The apraratue used for vapor yhaae‘eatalyaia consiets of
esaanti&liy 6 parta; The first is the rwaction chanber, a

Thise ﬁubo is unclonaﬂ Ly an cloaﬁrie mufflﬁ oven, whose
heating section is 28 en long. The reaction tube which
etrudes 12 ah from the top and bLottos of the muffle hester,
is fitted on the upper end with a two-hole rubber stopper
containing a 60 ce dropping funnel and a ons em thick pyrex
tube which is 28 ecm ling and sealed on that end which is
inside the reacticn tube. This sealed end will be exaxtly in
the middle of the hesting section of thk muifle pven, and
temperature readings in that oven can be obtnined by 1nserﬁ1ag
a chromel-alumel therzocouple into tihis tubing. The

dropplng funnel, duriog a tun. is filled with the resgent
under iuvestigation, and, by cuntrolling the setting of the
stopcock, the liguid cen be dropped on the cstalyst at the
desired rate.

The c¢ainlyst is held in a sectlion 10 ¢m lomny by two
glass wool pluge, omne on each end of the section. The glass
tube containing the thersocouple extends D os into this
catalyst sscrion which is exsctly in the viddle of the oven,
&a-knap the cotalyst frou slipping down during a run, the
lower gless wool plug is supported by & gless rod, which in
Yurn rests on & one hole rubber stopper Uitted on the lower
end of the reaction chesber. 7This stoyper contains a glass
tube beat to a & shape, 9TLis glass tube leads to a two-neck
504 ce round bottom flask, fitted with a reflux condenser.
tiquid resction products ere coliected here. I condeuser,
in turn, is counceted Ly weane of glaes tublng %o a manometer,
consloting of a U tube half filled with msveury. The
manoneter on fte part is connected by means ¢f rubber tubing
to & 5 gallon water bottle which is inverted and veste in a water
trough. The neck of this bottle is fitted with o
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two hole rubber stopper., Through oné hole lesds a long glass
tubing which touches the upper part of the container, while
+he other hole is simply fitvted with a short piece of glass tubing,
sxtending into the bottle not more tham 2 ¢m. The lower
ends of both pieces of tubing sre submergsd below the
wvater level in the trough. The flssk mey be filled with
water by sisply connecting the faucet with the smeller glass
tubing with a piece of rubber hose. Hater thus enters the
bottle on the bottom, thile the air is forced out through
the long glass tubing on the top. The flask is filled se
soun as the wster level resches the heizht of this vubling.
The rubber hose coming from the faucet is nov discomnectsd
£rom the shorter glsss tubing, and the rubber tubing coming
frox the cataivbtiec spparstus ie connected to the long glass
tubing. Consequently, any ges genersted in the catalysis
enters the woter bottle througbh the saall zlass tubing. The
pressure on the g-& collected in such a mmoner is below
_stmospheric pressure by the helght of the water level in the
flask above the oneé inm the trough. This has to be taken into
account in acdition to the vapor pressure of waber and the
temperature when the volume of the gus is seasured. The
entire apparatus has to be gas-tight.

Imnediately bufore use the cabtalyst 18 activeted by
fenition is an @vuporauins dish for av least 10 sinutes.
B8ince during a run csrbon is often deposited on the catalyst,
it is slso isnived sfver the yun %o regenerate the catalyst.
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ABALYEIGAL FPROCGEDURES

ihe gas collected in the water bottle described above
- is snalyzed in the following menner. An sliguot porticn
of 2 liters of gas is transferred to a smaller bottle which,
except for its size, is identical to the zas collecting
bottle descrived asbove. The gas transfer is easily effected
by connecting the two long glass tubes in each gas bottle
with rubber tubing and foreing water into the short glass tubing
of the large gas collecting bottle., 4 ¥illigsn bottle
containing s glass spiral is now connected between the bottle
containing the aliguot and a third, szall gas col-
leeving bottie filles with water. When sthe gre from the
sligquet is Toreed into the ¥iliigan bottle, the ges bubblew
are forczd arousd vhe suirel snd thus recain io eusntact with
the liguid in the Xilligen bovile for s relatively long tine.
By choosing the appropriate liquld or solution ins the
#iliizan bottle, corresponding gases i the aliquot are
Tenoved %3 this tresiment, snd the voluze ol gas rewoved in
thig papner cas be re«d frow the gas oollecting botules, whickh
neve been previously calibreted,

The solutions in the ﬁilligaﬂ btottle have to be ao
chosen that the corresonding gaeos Torm non-volatile
compounds when thwy are bubbled through it. The followin:

solutions ave used:
fo remove unsaturated hy@rocarvon gases: 4 108 solution

of bromise in carben tetchloride.
o rewove oxyges: A econcentrated solutlom of potassius

pPyrogaliate.
to renove csrton dloxide: & concentraied solution of

sodiua hydroxide. i
P penove csrbon sopoxider A % eciuyion of suprous chlo-

ride. (1&)

lﬁe snalyse for Lydrogen, the gas ie peassed over hot
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copper oxide in & pyrex tube. The decrease in voluwe of
pa® indlentes the gquantity of hydrogen present. This

- procedure is unsstisfactory Lf ssturated hydrocsrbon geses
are present, which would resct with the copper oxide to
form carbon dioxide and water. 1In suck a case the gvs 18
pessed through the sodium hydroxide solution afver the cop-
rer oxide sreatoent. ‘

At least twe passes are mede through the solutions,

Phe liquid collected in the two neck flask during the
run zay be ildentified by 1ts bolling point in the case of
a pure liquid, or, where s mixture of cosmpounds is Lavoived,
the products are separasted with a fraetionating coluwn,
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DEEYDEATION RaaClioRs

The work on catalysis in this rescarech falls into roughly
two groaps: Dehydration redotions snd the pyrolysis of hydro-
carbon oils. 7The dehydration reactions are given balow,.

i. The Debydration of Ethyl Alechol.

ipatief? (4) in 190% found that mluminum oxide, precipitated
from nlusinum salt solution with bases and then carefully washed
to remove all alksli, dehydrates ethyl alcohol to sthylene
at 380 - 400°C to an extend of 90%. Other catalysts which
have since been used for Yhe same reactlion are Thi,, ¥y
4nu, wiztures of Al.Og, Cully Agz0, NiG, CusG,, 0”395’ “2“35'
agw(Fﬂuja, and by metallic ealeium.

Bince the cement scld gels contain alumins snd ferrie
oxide, vhey were first tested me to their ability %o dehydrate
alcobol. Due te the simplielity of the reaction snd the products,
this reection turned out o be a very convenientoone for
teting the relstive dehydration cepabilities of the various

gele.

Lthyl aleotol wey dehydvate in the following way:
GH GO Ul » CH, mCha # uaa; AP et 25%C » 5,570 cal.

, Yo
AR%at #00%C = =17,373 cal. (1%)
Jth3 zah w vﬁavhawﬂabu 1&*2

The first resction is the one which takes place %o a
predoninant extend with the cesent gel catalysts at 500%,
Dried gels arve placed in the catalyst tube as described ia the
ssotion on "Apparatus snd Procedure®. The votal volume
of loosly packed gel thus used as a catalyst is 36 ec. The
teaperature of the catalyst io brought up to 400 & 10°C
ant %0.0 ce of 99¢ ethyl alcobol are dropped on the catalyst
fyou the drooping funnel within 40 minutes. T'ms the contact
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time of the alcohel with the catalyst is 1.40 ain./ce of
aloonol. #ince %0 ¢c of 95% ethyl alcobol correspond %o
UekB5 moles or 26.9 liters of gas at 400°C, each molecule of
alechol is, on the average, a total of U.0UL34 min. or

D0B05 sec. in direct contact with the cstalrat in the reaction
chanber, The ethylene evolved is collected in the uas
coliecting bottle and snslyzed. At the end of each run

7+ liters of alr are peesed through the catalyet chamber to
displace all the ethylene still left there., The liguid
products, water and unreacted alcokol, are collected in the
two-neck flask. Table I1[ below gives the ylelds of

ethylene obtained by this method, using caimlystis made by the
resction of Catskill reguler rortland cement with hydrochlorie
nnd seevic seid of various concentrations.

TaBlie 11ls Yield of Kthylene for Various Catslysts

Acid  Hormality of Aeid  Yield of Eshylene
HC1 1.00 1%
2400 19
2415 40
el 72
2.25 8%
2e 50 96
€e35 9
2.41 &8
2486 89
ER 836
99 - 85
2.60 95
2465 bl
- 270 83
2.7 60

Beldl 10
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heid Eﬂﬁﬂ&l&ﬁxmﬂi<§ﬁiﬁ Tield of ithylene

hAe 1.0 1%
2.0 40
%40 87 5
6.0 94
8.0 - 8§89
120 86
16.0 90

Several gels have been prepared with special clinkers
and acetic mcid. 7Yields of ethylene are given below:

LABLE IV: Yield of Sthylene for Various Catalysts.

Horzalify of Acid Glinker Yield of Sthylene
%40 0o gYpsum, BSUP-
fnee area = 1900 61%
12,0 " 97
30 no gypsum, sur-
face ares = 950 74
12.0 i 95

It wae pot possible to prepare gel catalysts with ground
high silice limestone roek. The relstions of aeid concentration

azeinst yield of ethylene ave given in Tigures III end IV,

pisgussion of the Debydration of byl Algohol: By re-
terving to fig. 11l iv can be seen that, in the case of the
hydrochlorie acid gels high vields are zbhown in the molar
acid rasge of 2.0 to <.7 molar, This runs a litile either
side of the stoichiometrically equivalent amount of HGl.
The geis in this range contain not only 3&@2, but also 51205
and Hoiﬁa. By referring to figure i, the gel prepared from

3,00 ¥ HCl, where low ylelds are obtsined, is nearly pure
silica. With the £.7% # HC) gel, showing a yield of 60R,
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the Alq$5 and ?e205 heve hcgan e inerease. With 2.51% HC1,
where yields of about 9U¢ are shown, the Alégi and 30365
contents are quite high, wiile that of Cal 18 low. This is

due to the fact that the seid dissolves the Cs0 first, since

it is the strongest base forsiag oxide. The greater part of
the Aléﬂg and Fozﬁ sre in the gel, giving the best catalyst,
The 2.25i HOL gel, atill 2 good oatalyst, showlng over 80 %

Yield of ethvlene, shows rising content of Cal., The yield drons
off fant below 2,25+ HCL and the Cal content rises, showing
incouplete resction between cexent and HCL.

The conclusion is that the best gels for use as catalysts
in the dehydration of ethyl aleobol are those where enough
geid hsg been present to decompose the cement and dissolve
most of the Call, but not enough %o dissolve the Al,0, and
?aaﬁﬁ.

Flgure IV shows the relation between the yield of ethylene
and the molarity of scetic acid used in preparing the cement
gels. Here ylelds of abvout 9U% of ethylene are shown from
the mélarity of 5.0 on upe This indicetes that acetic acid
weaker than 6.0 18 not_nuxficiently strong to dissolve out
all of the calcius oxide, which hee s polsoning effect. On
the other hand, 16¥ acetic acid, which ié extramely councen-
trataa; is not strony enouphk to dissolve out all of the
slusineg and ferric oxlde, since the yield of ethylene does
not decresse for even such s high acid concentration.

The experisents wiih the special clinker cexzents indicate
that the previous removal ol gypsum hgn no affect on the
dehydrating power of the gels.

yaterials otber than cesent gels Lave also been tried
se catalysts for this resction for purposes of cemparison,
The spparatus used for tiese tests is slightly different, the
estalyst tube being arranged in & obliqui position instead
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of a vertical one. In addition the aleohol ia fed into the
" resmction chamber by vaporisation in a boiler. The rate of
alcohol feed is semewhat slower, 3U.0ec of al@ohol per one
hours - The temperature is 400°C as before: and all other
conditions are slso ths same. The yields for some catalysts
ere given in tsble V. :

TaBLE Vi Yields of Ethylene for Yarious Catalysts.

Davison Silica gel » 407
Uttows Sand 0
eslelus oxide | | 0
ionsanto &Hilica aero gel Q
Alzﬁﬁ. stioks 53
Alauﬁ, curdy » 05
“1203' modified by Ir, Sheifer,

‘ aticks 93

These results indicate that silica alone is not a very
efficient cavalyst for dehydration reactions of alcobols. 1In
addition it may be noted that the mode of preparstion and
structure of even an active oxide such as slumina is isportant

in catslytic resctions.

B. Dehvdration of Other Alcochols,.

Here egein the obligue apparatus is used, but this time
the electric heater 18 replsced by a gas oven. 1{kis arrange-
rent has been used in the earlier Xuus. The rate of feed for
all the alcohols in this sectlon i S moles per hour,

1. dethyl Alechol. ‘

gethyl aleohol may dehydrate in the following manner:

This is the reaction which takes place to the predomi-
nent extend. 'The further dehydration ©o ethylene



a2
Gl oy = UligaCHly + Ho0

does not take place at mll, since in no anslysis are
unsatursted gases found. The following are soze yields of
dimethy) ether, obtaimed by passing wethyl alcohol over
various Catekill rogular cement gelis at a0 (unless given
differentliy)s

RABLE Vi: Yields of Hethyl Pther for Various Gafclyuta.

Calialyst, Acid Gong. lield of Jethyl Egher

2,54 HEL - 6% (7 - 450%)

4,04 Hae 63 (T - a80"C)

12.08 | 9%

16.08 75 (1 = 4607¢)
Amslytical [ebells: The methyl ether is analysed

quentitatively by psssing the ges which has not condenzed in
the condenser fitted two-neck Lflask through s celeiun
ehloride drying tube to take out the water vapor and then
through a flask inpersed into an acetone-dry mixture,

The yield of methyl ether, which boils at -23,7°C, is obtained
by reeding the volume of the ether obtained frox the gradusted
dry ice trap., 7The ether is ldentifisd by ite boiling point,
it has alvays been found %o be within sl least 2° of the
bolling point of the pure substance,

Ze The Fropyl Alcohola,
n-propyl alcohol may dehydrate according to the eguation
Ol Ol OB, 0K w GiigOHeCly (BaPy = -47°¢) « B 0

un# isoproryl according to the egquation
‘@ﬂs) a(lm w 5&3‘;&“633 - aaﬂ

The following are some ylelds of propyleme, obtained by
passing propyl slcohol over vericus Catskill regular cenent



gels at 400%:
TABLE VII: Yields of Fropylene for Various Catalysts

n-propyl 2.5% HOL 91%
- “*ﬁﬂ HAc ] %
. 12,08 Hae 92

iso-propyl 2494 HOL 92
" ~ 4,08 HAe a8

snglytical Degtailss “he propylene is condensed in a
dry ice~acetone trep as in the case for methyl alcohol
described sbove, The product is then identified by its

boiling point.

3, The Butyl Alcohols.
n-butyl alcohol dehyirates according to the equation
CH,OH CHCH 08 » CB,CH,CHeOH, (Burs = =5%) + B 0
sec~butyl alcohol debydrates sccording to
CH5CH CHONCH, = CH CHi=CHOH, (Bo¥e = 3%) o+ B0

and tert-butyl alcohol accoxding %o
(CHy) ;008 = (GHiy) S0uGH, (B.Pe » ~86%C) + H,0

The following are some yields of butylene, obteined by
passing butyl alcobol over various Cetskill reguler cement
gels at 400%C: ~

PABLE VIII: Yields of Butyleme for Verious Catalysts.
Alcohol Catalyss, Acd Come.  Xield of Butylene
955

a-butyl 2454 BCL
" 12,08 Hae 95
sec~butyl 4,0M HAe aB

" 12,08 Hie : 95
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Megbol  Gatalvet, Acid Some.  Jisld of Butwlene
tert-butyl 2454 HOL G55
" 12.08 Hae 93

Anslysicsl Details: The butyleme is condemced in a dry
ice trap and identified by ius bolling point as deseribed
above, . '

Conelusjon: Alecohols bigher than ethyl alcohol all show
yvields above 90% debydration, regardless of the cement gel
catalyst used, It is therefore easier to dehydrete higher
sleobols with these tatalysts.

Co The @Mu&aﬁn of Vater Between Ethyl Aloohol ind Arce
satlec Compounds,.

le Eoimm Fubyl Aloshol and Yhenol
tster may be condensed Letween ethyl alcohol and phenol
in the following ways: '
%ﬁgﬁm + (}'&\ﬁﬁﬂ&ﬁﬂ - ca,«m?wsn,m » @thyl phenol
Cﬁﬁﬁuﬁ * Cﬁgﬁﬁgﬁﬂ « ﬂﬁﬁgnﬁuﬁﬁgﬁﬁﬁ s bBhenyl ether
Di-, and possibly tri-substitution also occurs. ltbylene
resulting from the dehydration of ethyl slcobol is en inevi-
table byproduet, HKo diphenyl ether is produced by the
splitting out of water between two molecules of phencl.

in the first run a soiution of 1.00 mole of phenol
in 1,05 moles of 995 ethyl sleobol, giving a total of 150 ce,
16 passed over the lo,0N Hie Catskill reguler cesment gel at
350% at s vate of 50 ce / bour, The obligue position of the
catalyst chasber i8 used in this and the following run.
iowever, the boiler is replaced by a dropplng funnel feed.
The analysis of the yield is ae followes:
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unchanged phenol 59% (B.F, » 188-200°C)
ethyl phenols 16 (B.P.s 200-250%)
phenyl ethers 3 (BoP. = 172<250%)
_ethylens 36 '

' in the second run a solution of 0.96 moles of phenol
in 2.00 moles of 95t ethyl alecohol, giving a total of 200 ee,
is passed over the 16,08 Hic Catskill regular cement gel at
800°C st the rate of 50 ee / hour. The snalysis of the yield
is as followes: ‘ |

unchanged phenol | Bek
ethyl phenols : 56
phenyl ethers 1
ethylene R

By comparing the two rums it can be concluded that by
doubbling the ratio of alcohol %o phenol and increasing the
resction temperature 50°C, the yield of substituted phenols

can be more than doubbled.

Aﬂ!&:&iﬂﬂl.ﬁ!ﬁiﬂl!‘ the liquid products collected in
the condenser~fitted flssk are made strongly slkaline with
20% HaOH, piving weter soluble sodium phenoxides, The
phenyl-ethyl ethers do not resct with the base and can be

sextracted with ethyl ether, which is subsequently removed by
distillation. After the removal of the ethyl ether the
1iguid is distilled in an ordisery distilling flask. The
range bolling from 172-250°C is teken as cenvaining phenyl

ethers.

| The vemaining slksline layer of sodium phenoxides is
neutralized with excess hydrochloric acid and the phenols sre

separated with a separatory funuel. The water layer is

everal times with benszene, which is added to the

washed 8
“he bensene is mow distilled off and the rest

phenol layer.



of the liguid is fractionated im a distilling columa.
Everything boiling from 200-250 ®C 4e taken as ethyl phenols,.
The percentage given for the phencls is based on the origi-
nal quantity of phenol put through the catalyst, while the
pereentage for ethyleme is based on the original quantity
of ethyl alcobol, {1%) ‘ | .

2. Between Lthyl Aleohel end Aniline,

¥ater may be condensed between ethyl alcohol and
aniline in the following ways: '
Qﬁﬁﬁﬁﬂﬁé Gﬁgﬁﬁgvﬁ = ﬁgﬂgwﬂﬂwﬁﬁaﬁﬂﬁ . ﬁ?ﬂ
OgHgllly + CH,GH,0N = GByCl-Ogli,~NE, + Hy0
bﬁaﬁﬁﬁﬁ * ﬂﬂﬁaﬁﬁz - ﬁﬁﬂsuﬁn(ﬂﬂnﬁﬁb)a - ZKRO

. $imultansous aliylation of the ring and the amino group
is also possible, Hithylene ig forsed due to the dehydration
of ethyl alcobol.

in the run 0.516 moles of aniline and 0,972 wmoles of
ethyl alechol, giving & molar ¥ratio of sbout 1:2, ar- passed
over the 16 Hie Catekill regular cement gel at 400 %¢ at a
rate of 50 ee / hour, The norsal, vertical position of the
catalyst tube is here used, a&s described in the section on
“Apparstus and Procedurse”. Ybe analysis of the yleld is ss

followes:

unchenged aniline 49% (BoPs = 187-200%)
mono substituted sniline 32 (B.F, = 200-220%)
poly substituted aniline 17  (BuPe = 220-245%)
ethylene % -

Analytiesl gg;g&}g;. fhe aniline layer is separated by



separatory funnel fron: thé weter leyer and is then

distilled in a fractionating column. The fractins are :
taken as indicated by the boiling point ranges sbove, Here
seain the percent of ethyleme is calculated on the basis of
the total smount of ethyl alecohol passed through the resction
chamber. “

Vercentages of both, substitubed phenol end aniline,
are caleculated by estimating their extend of substitution
from theiy boiling point renges.

7'+ The Dehydration of Ethyleme Glycol.

Sthylene glycol may split out water in the following way:
CH OleOH 0l = CHyOH O 2Hz0 o scetaldehyde.
This is the primary resction over the cement gel catalysts,
Another poseibility is the splitting out of two waters to
give acetyleme: (2) o & '
CHZORmCH 08 = CH=CH + 260

50 ce of ethylene glycol are passed over the Catskill
regular cement gel catalysts ab 400°C at a rate of 50 ec / hour,
The norael, verticel position of the catalyst tube is used.

The following ave the yields of acetaldehyde and unsaturated

gas for some of the gelss

PABLE 1¥: Yields of Acetaldehyde and ﬁnsatugutaa Gas.

aczgtgy§°1‘ 534 1.08 liters
6408 27 | g
| % | 2407

4o O



Latalyet mmmm MMQH
Hyéroehlorie a.

4.0 29; 000 liters
2,708 a8 e 59 :
2,518 89 I.11

- 202% 444 1.3&

E’u%ﬂ G 3 1‘38

1,008 | ¥ 1,03

pyrex gluass beeds Q.2 N

Analytiesl Detsils: To prevent any acetaldehyde, which
is a very volatile liguid, from entering the gas collecting
bottle, two ice trape are put between the condenser and the
zas collecting bottle, At the end of the rum sll liguid

' products are thrown together and that portiom of it boiling
pelow 100°C is colleeted inm ice by distillation. An aliquot
of exactly 5.00 ce is taken from it and a few particles of
anbydrous CsCl, are added, 7The graduate conteining the
aliquot is thau kept in the refrigerator for 24 hours. The
water layer has them separated, and the volume of acetaldehyde
can be resd by differences in level. (1)

Yhe unsatureted gas is analyzed by brominmation.

Discussion of Hesuls: 7The trend shown by the acetic
acid cement gels is evident and consistent., The yleld of
acetaldehyde increases with increasing normality of the acid,
In the debydration of ethyl alcohol yields are sbout 90%
ethylene from the normality of acid of 6.0 om up, In the
dehydration of ethylene glycol,however, yields are steadily
rising with increase in normality, and the straightening out
to a constent yield of acetaldehyde is not so noticeable.

the volume of unsaturated gas, presuvably acetylene,
reaches a maximum at the 6,0M Hic gel. This gel contains



& considerable amount of 3&3@5. but hardly any Cal.

The trend shown Ly the ngdrochlorie scid cement gels
is that a yleld of about 45¢ of anttaldoﬁydq is exbibited
in the range of acid concentration from 2,00 to 2.70 molar,
Yields drop off somewhat on either side of this wolarity.
flowever, no sharp changes in yield ere noted as in the case
of the dehy'ration of sthyl alcohol, where yields are high
in the same general renge, but where the yleld of ethylene
increases frowm 20 to 80% and drops from 50 to 204 within
only sbout (.10 nermelity unit. This would seem to indicate
that the chemical composition of the catalysts is not very
decisive in the dehydration of ethyleme glycol, but that
rather the surface properties of the catalysts are iargely
responsible for it. =The meximus for unsaturated gas production
falls about at the 2.254 HC1 pel. ~

i, The Dehydration of Various Uther Compounds,

1. ‘ibe Dehydration of Ethyl Ether.
Ethyl ether loses water %o form ethyleme. 30.0 ce
of ethyl ether ave passed over the 12,0M Hie Catsikill
special clinker to which no gypsus has been added
and which bas & surfsce aves of 1900, "The temperature is
4009 snd the rate is 60 ee / bhour, fThe regular, vertical

position of the catalyst tube is used,

fhe gas collected is unsaturated and corresbonds o
7% yield if the resction is considered To give only
ethylene, FHowever, some butylene~2 is probably also formed,
a0 that the dehydration might be more complete tham only 734,

2. The Dehydration of Agetoneg,

scetone dehydrates to give Clig=UeCliye In the first run,
43 ce of acetone are passed over the 2.258 HCL Catskill
regular cement gel at 400°¢ in 2 1/2 hours., The obligue
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position of the catalyst tube is used, heat being supplied
by & gas oven., OU.096 soles of unsaturated ges are formed,
sacunting to 160 yield if the resction proceded in the above
BenEe. -

in the second run, 37 e¢c¢ of acetone are passed over the
12.0% Hac Catskill regular cement gel at $50°C in 2 1/2 hours,
using the ssme spparatus as above. 0,105 moles of unsaturated
gas are formed, corresponding to a yield of 217 in the sense
of the above resction.

fome intermolecular dehydration of scetone also occurs,
as is evidenced by ¢.5 c¢ and 1,0 ee ylelds of insoluble

olls, respectively.

in genersl the dehydration of acetone does not go to
completion, which is indicated by unreacted acetone recovered

from the liquid products,
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THE PYROLYSIS OF BYDBOUGARBON OLLS
it has long been known that the oxides of many metals
are effective in the decomposition of hydroecarbon oils., 4
patent in 1934 claims Fwaﬁa a8 a cracking catalyst for heavy
hydrocarbon oils at 550%C, (3) In 1931 sctivated alumina on
a silica carrier was used in Germeny to ersck heavy hydrocarbons.
in the loudyy process of cracking petrolium hydrocarbons,
41,0,-510, catalysts have long been used. (7) I 1943 U.S.
patent No. 2,288,874 was granted, claining the conversion of
hydrocerbons using silicous materisls modified with hydrochlorie
or sulfuric scid, as catalysts, Later, U.,8. patents No,
2,695,791 (20), 2,930,685 (18), 2,538,825 (19), claimed con=
version of hyirocarbons with clay catalysts activated by
scid treatment, using HOL, H3&§~ and Rﬁra“.

Since the treatment of Fortlamd cesent with acids gives a
mixture of such oxides active in the pyrolysis of hydrocarbons,
tests were made in this respect. Paraffin oil was found to
be most slequate a8 a reagent Lo be cracked due to its purity
and faily unifora composition.

4 The Fyrolysis of Varaffin OLl.

Paraffin oil is & mixture of heavy, long chain, satura-
ted hydrocarbons bolling at about 380°C. his correspends
to a saturated hydrocarbon with about 20 corbom atoums per
chain., After pyrolysis i¢ is found that the average boiling
point of the paraffin oil which is cracked is about 150°C.
Yhis would correspond to a compound having about 10 carbon
atoms in the chain, (6) The pyrolysis of paraffin oil may
then be represented approxizately by the eguation

Coollyy (BeFe = 33@6@} » Cyofiny * @;9322 (B.?. = 150%)
AF® ot 800%C » «24,100 eal. (14)

ihe percent craciing can be determinmed by aivididing the
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volumeé of oil which after catalysis boils lower then the
originel paraffin oil by the volume of the original oll used,
and multiplying this guotient by one hundred. For instance,
50.0 ec of the original pavaffin oil distil as followes:

SOALADE T LHUEG m
25 - 100% ‘ 0 ee
100 - 200 O
200 - 300 i 0
B0 - 350 : $

550 - 800 45
Afver cracking, the 47 ce of oil recovered might distil
something like this:

25 - 200% 10 ee
100 - 200 ?
200 - 300 : 8
300 - B350 5
350 - 400 17

The first three figures indicete volumes bolling below
the original boiling point, their sum sdds up to 25 ¢c. Then
the percent eracking for this perticular rum is 29/% x 100 =
e

: The following are the percenteges obtained by passing
soee of paraffin oil over Catskill regular cement catalysts
at 500° and at a rate of 50 c¢¢ / 75 win,, using the
norsal, vertical position of the catalyst tube:
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TABLE X: 1The ¥ Cracking for Various Catalysts

Acetic acid, 16,0 SO
12.0 48
G0 _ 48
440 32
30 16
Hydroehlorie ascid, 4,00M . 10
: : ZaP0. 14
2495 16
2e45 : 12
255 : iz
2.29 25
2415 i2
- 2400 é
Pyrex glass besds i
Uelis Py @tﬁﬂﬂﬁ 56

Hydrogen is produced in most of these resctions, maxims
being at 4,08 for the acetic acid gels (3.15 1it,), end st
2,256 for the hydrochlorie aeld gels (3.78 1lit.)., Unly e few
hundred cc of hydrogen are produced for the 16,08 and 12,08
HAec gels, where the percent cracking is highest,

iigcussl i8¢ The uutu ascid gels show thelr
usual t:mm ﬁa&ds m:*m- a8 the mmuey increases. Again,
as in the case of the dehyiration of ethyl aleohol, the percent
yield imcreases rapidly with normality up to the normality

of 6.0, From this point om up the yleld inereascs only
siightly. Thus yields incresse 0% from %,00 o 6.0H, but

pnly 4% from G.0N to 16.0M acebic meld. (his would indicate
that the same lngreiients and the same structural and surface
properties of the gels are responsible for the dehydration

of slcohel and the pyrolysis of paraffim oil,

The hydrochloric acid cement gels show a maximun crece



king capacity of 295 st §h072.25ﬁ acid concentration, Iia
couparison with the scetic scid cement gels this iz a rather
low yield. The yleld for the rest of the HOL gele iz about
1%, In attempting to explain the maxinmum for the 2.29M
gel, it should be noted that this is the first catalyst to
have the Cal sufficiently removed %o be up in the high yield
renge for the dehydration of ethyl alcohol, In addition, this
#el has a maxizum ‘1355 content, higher than that of any
other ¢l gel (see fig. L)« Un the higher acid side the
&1ﬁ0§ content dropa off very rapidly, and on the lower acid
side the Cal content becomes predominsnt. Since Alzﬁg cata-
lysts have long been used inm the cracking industry, it is
an active ingredient. Therefore this meximum 31203 content
of the 2,254 BCl gel might serve es a pauaiblo explanstion
for its maxisum cracking power,

To compare the erunkiac,panur-et these cement gels %o
commercial catalysts, a Universal Oil Products Typa "A"™ Fluid
Crecking Catalyst wes wsed with pareffin oil under identical
conditions. The yleld of 56 obtained with it is not great-
1y above the 50% obtained with the best of the acetie acid
cement gels, |

B, The Fyrolysis of lLubricating Oils

{hree runs with heavy lubricating oils were mede. ihell
oils give 29 -~ 0 eracking, Sinelair oil 30%, Interpre-
tation is dlftieult due to the complex composition of these
oils,
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ORGARIC CONPOUNDS UNAPFECTED BY CEMENT GBL CATALYSTS
The following compounds have been passed over various
cement mel catalysts at 400°C at a rete of 50 ce per hour
without being affected by su- treatments

n~heptane

aniline

phenol

acetic seid

benzene and ethyl alcobol: only ethylene produced.

ammhmm M etbyl clmhma only ethylene
produced,



CUSMARY

Fortland cement acid gels are exellent dehydirating
catalysts in the vapor phase for methyl; ethyl; n~, iso~
propyl: primary-, see-, tert-butyl alcohol. Jethyl alcohol
dehyirates to the dimethyl ether, all other asicohols to their
corresponding olefinms., For ethyl alcohol ylelds of 90%
of ethylene ars obtalned from the concentration of
6, goetic acid on up, and the comcentration range bLetween
24,258 and 2,70 hydrochloric acid,

in the dehydration of ethylene glycol to acetaldehyde
the maxiva exhiblited are 0% for the 16,0¥ Hic gel, and
48% for the Z.70H HC1 gel.

The mout effective catalyst for the pyrolysis of
paraffin oil 1s the 15,04 Hie Catekill regulsr cement gel
which gives 50% cracking at a temperature of 400°C,

%6% cracking is obtained with a commercisl catalyst,
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